abstract. The authors studied the bryophyte flora of the city of Ljubljana (Slovenia), recording 104 bryophyte taxa within the inner ring-road of Ljubljana. The specimens were collected from randomly picked sampling sites during different seasons in 2011 and 2012. Interesting records include Barbula convoluta var. commutata (Jur.) Husn., Grimmia trichophylla Grev., Leptobryum pyriforme (Hedw.) Wilson, Phascum cuspidatum Hedw. and Pseudocrossidium hornschuchianum (Schultz) R. H. Zander, species last recorded in Slovenia more than 60 years ago. Some species rare and endangered in Slovenia were also recorded: Syntrichia papillosa (Willson) Jur. and Lunularia cruciata (L.) Lindb. Rhynchostegium rotundifolium (Scop. ex Brid.) Schimp., a moss red-listed Europea-wide, was recorded in the investigated area.
introduction
The bryophyte flora of towns forms a significant part of urban vegetation, but the available data on them are few (Ron et al. 1987; and references therein). Urbanization creates a spectrum of preconditions (specific microhabitats) for rich bryophyte floras (Fudali 1994 (Fudali , 1996 (Fudali , 2006 ). The urban bryophyte vegetation is interesting not only for its floristic composition but also for the presence of rare and significant taxa and for the vegetation relationships, and it presents material of interest from a phytogeographical point of view ). Urban bryophytes can be used as bioindicators for assessment of air quality, and they are accumulators of heavy metals from atmospheric deposition (Giordano et al. 2004) .
Slovenia is one of Europe's bryologically richest areas, and certainly has the highest bryophyte diversity in Southeast Europe (Sabovljević et al. 2001 (Sabovljević et al. , 2011 Sabovljević 2004) . Slovenia has nearly 800 bryophyte species; the exact number varies according to the nomenclature used by various authors (Martinčič 2003; Sabovljević & Natcheva 2006; Ros et al. 2007; Sabovljević et al. 2008) , and it changes with the addition of new bryophyte records for the country (e.g., Blockeel et al. 2009 ). Despite its relatively small area, Slovenia has almost all biomes of Europe due to its position and orography.
Despite ongoing bryological investigations (Martinčič 2003 and references therein), some places in Slovenia are under-recorded and others are bryologically unknown. More field research is needed.
Slovenia has towns evenly spread over its territory and relatively well preserved nature. After Finland and Sweden it is the third most forested country of Europe, with 62% of its land covered with forest (FAO & JRC 2012) . The diversity of the bryophyte flora within urban areas in Slovenia has been neglected. Apart from a few bryophyte records from towns, there has been no research addressing bryophyte diversity in any urbanized area of Slovenia.
Ljubljana is the capital and the largest city in Slovenia. It is situated in the center of the country in the Ljubljana basin between the Alps and the Dinaric karst region. Ljubljana is inhabited by ca 280,000 people in an area of 163.8 km 2 (Anonymous 2012). The city stretches over an alluvial plain dating to the Quaternary. The nearby older mountainous regions date to the Mesozoic ( Triassic) or Paleozoic. Within the city there are hilly regions like those of Tivoli or Golovec. The average elevation of the city is 295 m a.s.l (city center 298 m, city castle 366 m). The main watercourses in Ljubljana are the Sava, Ljubljanica, Gradaščica, Mali Graben, Iška and Išcica rivers.
Ljubljana has an oceanic climate with continental characteristics such as warm summers and moderately cold winters. Average yearly temperature is 10.1°C. July and August are the warmest months with daily highs generally between 25 and 30°C, and January is the coldest month with temperatures mostly oscillating around 0°C. Annually the city experiences 90 days of frost and 11 days with temperatures above 30°C. Precipitation is relatively evenly distributed through the seasons, although winter and spring are somewhat drier than summer and autumn. Average yearly precipitation is 1393 mm, with 115 rainy days, making Ljubljana one of the wettest European capitals. Snow is common from December to February; on average there are 48 days with snow cover recorded each winter. The city is known for its fog, which is recorded on average 64 days per year, mostly in autumn and winter, and can be particularly persistent during temperature inversions. In summer the weather in the city is influenced by Mediterranean air currents, so the summers are sunny and warm. 
Material and MethodS
An extensive bryophyte collection was made in Ljubljana city (within the ring road, Fig. 1 ) during winter 2011 and spring, summer and autumn 2012. Random sampling was done in different habitats and microhabitats within the urban area, including larger green areas. Nomenclature follows Sabovljevic and Natcheva (2006) Hedw.
diScuSSion and concluSionS
This study gives the first insight into the bryophyte flora of the city of Ljubljana. Though only the inner city zone (within the ring-road) was the subject area for this investigation, the results show that Ljubljana city has quite a rich bryophyte flora, documented with 104 taxa. Some species were not expected in the urban area (e.g., Diphyscium foliosum), but since Ljubljana has a hilly relief and lush plantlife, wellfunctioning hydrological regime and relatively wet climate, and is between pre-Alpic and pre-Dinaric regions, the high number of species and interesting findings are not surprising.
Among the recorded taxa is one red-listed for Europe: Rhynchostegium rotundifolium (rare European species, Anonymous 1995). In Ljubljana it was not rare on Golovec hill in the southeastern part of the city and also on Grad hill in the central part. We collected it a few times and the moss bore sporophytes.
According to Martinčič (2003) , the last time Barbula convoluta var. commutata, Grimmia trichophylla, Leptobryum pyriforme, Phascum cuspidatum and Pseudocrossidium hornschuchianum were recorded in Slovenia was more than 60 years ago.
Barbula convoluta var. commutata was recorded only in the Dinaric region, while Grimmia trichophylla was known from the Alpic and preAlpic region sixty years ago (Martinčič, 2003) . We recorded the first taxon on Grad hill among rocks, and the other one three times in the central/ southeastern parts of the inner city. Both taxa are rather under-recorded in Slovenia.
Leptobryum pyriforme was known from various areas in Slovenia (not from Ljubljana), and it is an easily spreading species. The absence of a report for it in more than 60 years is rather the consequence of the lack of bryological field research. Similarly, the two terrestrial species Phascum cuspidatum and Pseudocrossidium hornschuchianum have been overlooked for a long time but were present in various parts of Ljubljana.
The epiphytic moss Syntrichia papillosa and the thalloid liverwort Lunularia cruciata are redlisted in the flora of Slovenia (Martinčič 1992) .
Syntrichia papillosa is considered rare throughout Slovenia (Besednjak et al. 2008) . In Ljubljana it is not rare but recorded on many trees throughout the investigated area. It is not clear whether its distribution decreased in the past as a result of air pollution, but nowadays high air humidity and relatively unpolluted air favor that population. The second half of the 20th century is generally regarded as a period of retreat and extinction of epiphytes due to increased air pollution and high exposure to SO 2 , NO x and dust (e.g., Fudali 2012) . There are no historical data for this species in the area of investigation or in Slovenia. In Ljubljana it is now common and abundant and often bears many gemmae, easily spread by insects, snails, slugs, birds or squirrels.
Lunularia cruciata is a rare liverwort outside of its main Mediterranean-Atlantic range but recorded in many European countries, mainly in urban areas. It seems to be spreading northeastward with climate warming (e.g., Sabovljević & Marka 2009 ). According to Pavletić (1955) and Düll et al. (1999) it is not known in Slovenia. In the checklist of European liverworts (Söderström et al. 2002) it is cited for Slovenia. Ros et al. (2007) cite records for Slovenia, but from before 1962. Martinčič (2007) explains that these citations are based on records by Loitlesberger (1905) in Gorica (Stračice) and the Soča River bank, areas which nowadays belong to Italy. Martinčič (2007) found herbarium samples kept in LJU, collected by F. Dolšak in Ljubljana (1920 and 1938) with the label in hortis urbis Ljubljana, subspontanea. It is not clear whether this was a natural or anthropogenic habitat, but both climate change and manmade habitats favor expansion/invasion of this species. Martinčič (2007) concluded that there is no evidence for the presence of this species in Slovenia for more than 70 years. Here we confirm the presence of L. cruciata in various places in Ljubljana: the Botanical Gardens, Prule, Stari trg, Murgle and Tivoli. This species is easily overlooked although easy to identify by its semilunar gemma cups, and it seems to be spreading in Ljubljana at present. It probably occurs in other area of Slovenia as well.
This contribution to the Slovene bryophyte flora points to the need for more field research and analyses even in apparently well studied or species-poor areas. The inner ring-road area of Ljubljana has a rich and interesting bryophyte flora. Such high diversity supports Isermann's (2007) statement that urban bryophyte diversity is highest where moderate environmental conditions (light, water, substrate) prevail, rather than being confined to specific habitats. Further studies will no doubt add more bryophyte species from this and other areas of Slovenia. 
